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RESEARCH MEMORANDUM 

PRESSURE-RISE AND LEAKAGE-LOSS CHARACTERISTICS 
OF A ROTATING COWLING 
By Jack F. Runckel and Gerald Hieser 

SUMMARY 


An experimental and analytical investigation was conducted for the 
purpose of studying the pressure-rise and leakage-loss characteristics, 
of rotating cowlings. The internal-flow characteristics of the test 
cowling were investigated over a broad range of the flow parameters and a 
method for determining the pressure-rise characteristics has been derived. 

A comparison of the experimental and analytical results indicates 
that the pressure-rise characteristics can be predicted if the internal- 
flow losses and the internal-flow angle at the cowling-vane trailing 
edge are known. 

The total -pres sure losses through the leak gap were of negligible 
magnitude for all conditions investigated. The flow lost through the 
leak gap varied from about 5 percent to more than 25 percent of the 
inlet flow. The leak flow was greatest at low inlet-velocity ratios 
and at high values of vane pressure rise. 

Some of the features peculiar to the design of rotating cowlings 
are discussed and methods for estimating the leak flow and the proper 
setting of the cowling vane are included. 


INTRODUCTION 


The use of a rotating cowling for propeller-driven aircraft has 
been advocated from time to time. This type of cowling, sometimes 
referred to as an E-type cowling, consists of inner and outer rotating 
shells held together by streamline fairings which cover the propeller 
blade shanks. The internal air flow is inducted through the spaces 
enclosed by the shells and fairings. The blade-shank fairings or vanes, 
which are in the form of airfoil sections, are fixed within the rotating 
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cowling, and operate at an effective angle of attack determined by the 
ratio of internal volume flow to the cowling rotational speed. 

Little information on the internal aerodynamics of rotating cowlings 
has been published. Some previous investigations have been conducted 
to study the drag characteristics (references 1 and 2) . Flight and 
ground-cooling tests of an air-cooled engine equipped with a rotating 
cowling are reported in reference 3* Wind-tunnel-model tests of a 
rotating cowling to determine the effect of the spinner-body gap on the 
pressures available for cooling are presented in reference b. More 
recently the British have conducted model tests to investigate the drag, 
power requirements, and cooling characteristics of hollow spinner fans 
(reference 5)* Whirl tests of a rotating cowling are reported in refer- 
ences 6 and 7- 

The purpose of the present investigation is to study experimentally 
and analytically the pressure-rise and leakage-loss characteristics of 
a rotating cowling. The cowling used in the experimental phase of the 
investigation was an adaptation of the one described in reference 7 
altered to fit a nacelle available in the Langley 16-foot high-speed 
tunnel. The cowling aerodynamic investigation was one phase of a compre- 
hensive engine-cowling study, the other phases of which were subsequently 
cancelled. The pressure-rise and leakage-flow characteristics were 
investigated over a broad range of internal-flow parameters. The pressure 
rise of the cowling was also calculated analytically. Although the con- 
figuration tested incorporated some features which limited the efficiency 
of the cowling, the experimental results provide a check on the manner 
in which the pressure rise varies with the internal-flow parameters. 

The design of rotating cowlings is discussed on the basis of the 
internal-flow analysis and the observed experimental trends. Methods for 
estimating the leakage losses and the proper vane setting are outlined. 


SYMBOLS 


H total pressure, pounds per square foot 

AH total pressure difference, pounds per square foot 

p static pressure, pounds per square foot 

q dynamic pressure, pounds per square foot 

p mass density of air, slugs per cubic foot 

N cowling rotational speed, revolutions per minute 
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Subscripts 

1 

2 

3 

k 

5 

a 


cowling rotational speed, revolutions per second 
vane section rotational velocity, feet per second (2jtm) 
angular velocity of vane, radians per second 
rotational velocity of air, feet per second 
velocity, feet per second 

resultant velocity of air relative to vane, feet per second 

quantity flow, cubic feet per second 

cross-sectional area, square feet 

root-mean- square diameter, feet 

radius to outer wall of annulus, feet 

radius, feet 

orifice coefficient 

pressure-loss coefficient 

angle between axial velocity vector and resultant velocity 
vector of air at trailing edge of vane, degrees 

angle between axial direction and velocity vector leaving 
leak gap, degrees 

The numerical subscripts refer to stations shown in figure 1. 
cowling inlet 
leading edge of vane 
trailing edge of vane 
exit of leak gap 
survey station behind vane 
axial component 


L 


leak 
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l 


local 


o 


free stream 


r 


resultant 


LE 


leading edge of vane 


s 


surface 


calc 


calculated 


MODEL CONFIGURATION 


The present rotating cowling was built from a "blower spinner, " 
described in reference J, originally constructed by the Hamilton Standard 
Propeller Company for an installation utilizing a Wright R-2600 engine 
and was altered for these tests to fit an available nacelle utilizing a 
Pratt & Whitney R-2800-31 engine. A sketch of the model installation 
tested is shown as figure 1. The rotating cowling as constructed retained 
the original Hamilton Standard propeller and hub, the original mounting 
attachments, and the original outer shell; but the annular passage was 
redesigned to fit the Pratt & Whitney engine. 

Preliminary tests showed that severe separation occurred from the 
inner surface of the cowling lip. A modification of the leading edge 
to alleviate this condition was incorporated in the form of a balsa 
filler attached to the lip as shown in figure 2. A plot of flow area 
through the cowling with the filler installed is also shown in figure 2. 

The rotating cowling was made up of two sections, the front section 
which was detachable to permit removal of the propeller dome, and the 
rear section which contained the propeller shanks. Photographs of the 
front section, the rear section, and the assembled cowling are shown in 
figures 3, 4, and 5, respectively. All circular shells and structural 
members were fabricated from aluminum spinnings. The vanes were made of 
heat-treated sheet duralumin and were riveted to the spinnings forming 
the air passage. The total testing time, including the time for whirl, 
preliminary, and performance tests, was approximately l60 hours. Upon 
completion of the investigation no sign of fatigue failure could be 
detected. 

A concept of rotating cowling design is that the vanes should 
provide zero or small pressure rise at the high-speed condition because 
additional pressure rise is not required for this condition and minimum 
cowling input power is desired. If this concept is followed, the vanes 
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should be constructed in the shape of airfoil sections warped to fit 
the air helix path at the design condition. For the present cowling it 
was intended that the vane root, mean, and tip radius sections be alined 
with the respective helix paths. However, because of errors in the 
design, alterations to facilitate construction, and the addition of the 
balsa filler, the vanes were not alined completely with any mean air 
path based on the internal geometry and given values of and n. 

The vanes utilized an altered l6-series thickness distribution and were 
about 25 percent thick at the mean radius section to permit full 
feathering operation of the propeller. The vane sides were generated 
by straight-line elements extending from the axis of rotation to the 
surface of the airfoil section located at the mean radius of the annular 
passage. A representation of the vane shape at the root -mean- square 
radius of the annular passage is shown in the sketch of figure 6. The 
forward portion (shown as dotted lines) is distorted considerably as a 
result of the rapidly changing radius, but the distortion is negligible 
near the trailing edge. Included on the figure are the mean line of 
the vane section and the air helix path which most nearly corresponds 
to the mean line along the rear portion of the vane. The forward 
portions of the vane are effectively at local angles of attack with 
respect to the curved flow of the illustrated air helix. This local 
angle is accentuated by the addition of the balsa filler. 

A fixed diffuser which directed air to the engine cyclinders was 
located directly behind the trailing edge of the vanes (fig. 1). The 
exit of the gap between the rotating and fixed cowlings was designed 
according to the principles suggested in reference 4. The leak gap 
(fig. 7) was 5/l6 inch. Leakage through the gap at the inner spinner 
was prevented by a sealing plate inside the inner spinner. 


INSTRUMENTATION AND TESTS 


The internal quantity flow measurements were obtained by the use of 
three total- and static -pres sure rakes installed inside the lip just 
ahead of the vanes as shown in the sketch of figure 1 and in the photo- 
graph of figure 8. The rakes were supported from streamline struts 
located in the tunnel ahead of the cowling inlet as pictured in figure 9* 
Each rake contained five total -pres sure tubes and four static-pressure 
tubes. 

For the purpose of exploring the boundary layer behind the cowling 
lip a 3-inch rake containing 10 total-pressure tubes was inserted at 
the bottom of the annular duct about 10 inches inside the entrance 
(fig. 1). This rake was installed during preliminary nonrotational tests 
only. 
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The leak flow through the spinner -body gap was determined by 
measurements from three total- and three static -pres sure tubes equally 
spaced around the periphery at station b (fig. l). The angle at which 
the air left the leak gap was determined from both a yaw tube and tufts 
installed on the fixed cowling at station b . 

The survey plane at which the total -pres sure recoveries were 
measured is shown as station 5 in figure 1. There were three equally 
spaced rakes installed, one of which was located at the bottom of the 
passage; each contained five shielded total-pressure tubes. Inner- and 
outer-wall static orifices were located adjacent to each rake. Temper- 
atures were measured with thermocouples installed at station 5 and in 
the tunnel air stream. 

Rotational speed was measured with a calibrated aircraft tachometer. 
The cowling rotated at one-half engine speed. An upper limit to the 
rotational speed of the cowling of 1200 rpm was maintained as the unbal- 
ance caused by the filler increased the centrifugal stresses in the 
cowling. The engine-cowling flaps were used to regulate the internal- 
air flow. 

The pressure-rise characteristics of this type of cowling at a 
given angle of attack are defined by the flow coefficient Q^/nd3. Each 
test condition was obtained by operation at constant values of forward 
and rotational speed and Qq/nd3 was varied by changing the cowl-flap 
setting. Several values of forward and rotational speed were used in 
order to cover the complete range of operation. All tests were run at 
a model thrust axis angle of attack of 0°. 


RESULTS AND DISCUSSION 


Effect of inlet-lip shape .- The pressure recovery measured at 
station 5 in preliminary tests of the cowling was found to be undesirably 
low. Boundary-layer measurements 10 inches inside the inlet (fig. 10) 
indicated that the entering flow was separating from the inner surface 
of the lip. The balsa filler (fig. 2) was then installed to eliminate 
this separation. The boundary-layer- survey profiles were used to 
determine pressure-loss coefficients which represent only the loss due 
to the boundary layer on the outer passage wall. This average loss is 
shown as a function of (Vi/Vo)^ in figure 11. The slope of the curve 
increased at an increasing rate with (V]_/V 0 )^ for the original lip, 
but with the balsa filler installed the variation was nearly linear 
which is compatible with normal unseparated internal-loss characteristics. 
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All the data presented herein except that shown in figures 10 and 
11 were obtained only for the configuration with the balsa filler 
installed on the cowling lip. 


Pressure surveys behind vanes.- Several representative distri- 


butions of pressure coefficient across the annulus at the survey plane 
(station 5) are given in figure 12 for the range of flow coefficient 
Qp/nd^ investigated. The root -mean- square diameter of the passage 
at station 3 (d 3 =3.30 feet) was selected as a representative dimen- 

sion to be used in computing the flow parameter. Each of the local 
total-pressure coefficients represents the average from three tubes 
equally spaced around the periphery. These plots reveal that an out- 
wardly increasing total-pressure gradient existed throughout the Qp/nd^ 


range. The total-pressure gradient was steepest and a tendency toward 
flow separation occurred at low values of Qp/nd 3 ^ which correspond 

to high vane angles of attack, high pressure rise, and high centrifugal 
forces. In this flow-coefficient range an area of possibly reversed 
flow existed, as is indicated by the fact that the total pressure was 
below the static pressure. 


Pressure rise through the cowling. - The total pressure available 
behind the vanes depends upon the pressure rise provided by the vanes 
and the losses in the cowling. The variation of pressure recovery 


He — p 0 Qi 

— — with is given in figure 13 for operating conditions of 


^o 


nd~ 


constant forward and rotational speeds. The pressure recoveries repre- 


sent the averages, 


weighted on the basis of 



of the local recoveries 


across the annulus. The deviation from straight lines shown on some of 
the curves resulted from operation of the vanes in the stalling region 
with a consequent loss in pressure rise. The inlet-velocity ratio 
varied throughout the Qp/nd^ range for each curve of constant operating 


condition. 


The data of figure 13 were cross-plotted and are given in figure l4 
as the variation of pressure recovery with Qp/nd^3 for several constant 
values of inlet- velocity ratio. As indicated by the curves, the value 
of Qp/nd 3 3 of about O.63, where the pressure recovery is unity, repre- 
sents the operating condition at which the cowling vanes provided suffi- 
cient pressure rise to overcome all losses in the internal- flow system 
up to station 5* At values of Qp/nd^ less than O.63 the vanes 
operated at positive angles of attack so that the combined pressure rise 
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due to the vanes and the ram pressure recovered by the cowling was 
greater than the dynamic pressure of the free stream. Conversely, at 
values of Qp/nd^ greater than O.63 the vanes operated at reduced 

angles of attack and were not capable of overcoming the pressure losses 
in the internal flow. 


The relationship between the pressure coefficient and pressure 

H5 - p 0 


recovery is, 


*b ~ h q 
<?1 



Qo 


- 1 


Therefore, all of the data 


given in figure 13 can be shown as a single curve of the nondimens ional 

Hr - H q Qp 

blower-performance parameters ■ and if the losses and 


31 


nd 3 3 


pressure rise are constant functions of qp. This relationship, which 
eliminates Vp /V Q as a basic variable, is given in figure 15* 


Prediction of pressure rise .- In order to predict the pressure 
rise of a rotating cowling, it is necessary to establish the theoretical 
pressure rise and the internal aerodynamic losses. The equation for the 
ideal pressure rise may be obtained if certain assumptions are made in 
regard to the cowling geometry. The concept of the mean effective 
diameter used herein represents the root -mean- square diameter of the 
annulus area at the trailing edge of the vanes. This diameter divides 
the annular passage into two areas of equal mass flow if the velocity 
and density distributions are uniform at this station. The equation 
for the ideal pressure rise of a blower (reference 8) is 


AH 


- r 2 u 2 ^ 


When there is no pre rotation of the air at the inlet, u 2 = 0. There- 
fore, the equation may be expressed in terms of the rotational velocities 
at the vane outlet: 


AH = PU3U3 

where the rotational velocity of the vane U3 = ryu = Ttnd^. 

The vector diagram of velocities at the vane trailing edge 
(station 3) is shown in figure 1 6. The rotational velocity of the air 
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is = irnd^ - V a ^ tan 6 . The pressure rise may be written as a 
pressure coefficient: 


Ho - H, 


*1 


pjtnd^u^ 

|pVi 2 


The velocity at the inlet (station l) may he expressed in terms of 
the inlet flov Q^_ and area A-j_. Thus the pressure-rise coefficient 
becomes : 

- H Q 2Ttnd^jrnd^ - Va^ t an e) 
q l (Ql/Al) 2 


In terms of the flow coefficient 


2A 1 2 n 2 2A 1 2 Tt 

H 3 - H c = (aj 1 * _ A^ 5 

9l / Qp Qp 


ndi 



( 1 ) 


Since the variation of pressure rise with flow coefficient has been 
established, it is now necessary to determine the manner in which the 
losses vary with Q^/nd^. The losses which can be expressed in terms 
H — H n 

of — are primarily due to diffuser separation and skin friction. 

q i 

When the vanes operate unstalled it is assumed that the losses can be 
expressed as a function of the resultant dynamic pressure at the vane 
leading edge: 


^H) loss = kq r 
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In coefficient form this expression becomes: 


(AH) 


loss 


<*1 


= k 


|pv r 2 


W 


and V, 




+ ( TtndT.K ) where is the root-mean-square 


diameter of the passage at the vane leading edge. In terms of flow 
coefficient, the loss coefficient may be written thus: 


(AH) 


loss 


= k 


*1 


(* d LE A l) 2 

(Q 1 /nd 3 3) s 



( 2 ) 


The rotating-cowling pressure-rise equation, including the internal 
aerodynamic losses, is now written: 


2J2 


H: 


H r 


*1 


2Ai it 


M 

Qi 

nd?3 


2A^n 

A d ^ 

3 3 


tan 6 


-Si, 

ndo' 


- k 


( ^ d LE A l ) ‘ 


' Qi N 

M 3 3 y 


A LE/ 


(3) 


Comparison of calculated and experimental pressure rise .- For the 
present cowling, = 2.57 square feet, do = 3. 30 feet, 

A^ = 5*03 square feet, d j-^ = 1.82 feet, ana Ay^ = 1.68 square feet = 

the area at the vane leading edge taken normal to the cowling axis. 
Substituting these values in equation (3) gives the pressure-rise 
equation for this cowling. 


h 3 - H o 

<31 


1.107 



O .760 tan 6 

Qi 

nd 3 3 
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The quantities 8 and k in equation (4) are unknown for the present 
cowling. Evaluation of these quantities is necessary in order to 
compare the theoretical pressure-rise coefficients with the measured 
values. In flows of this type where the passages are long and narrow 
and the vane trailing edges are straight and thin, the exiting flow 
necessarily leaves in a fixed direction, that is, roughly parallel to 
the vane mean line at the trailing edge, regardless of the relative 
direction of the entering air. For such cases 6 would be constant 
and, furthermore, its value would be determined by the vane geometry. 

In the present cowling, however, it is not obvious that 6 would be 
constant, and even if it were, its value would not be evident because 
of the thick rounded trailing edge. The loss factor k also is probably 
not constant, since it should depend to some extent on the relative 
alinement of the incoming air with the vane leading edge. 

In order to determine, however, whether the concept of a constant 
8 and k was roughly in agreement with experiment, curves obtained 
from equation (4) were plotted for three fixed values of k, (k = 0.1, 
0.3* and 0.5) and three fixed values of 8 , (8 = 50°, 55°* and 60 °) 
where the value 8 = 55° corresponds to the condition at which the 
exiting flow is parallel to the vane mean line at the trailing edge. 

These curves are compared with the experimental curve in figure 17. 

The general agreement in shape between the calculated and experimental 
curves indicates that an analysis along such lines is satisfactory. The 
fact that the experimental curve is rotated somewhat with respect to 
the calculated curves is possibly due to improvement in the alinement 
of the entering flow, and corresponding improvement in internal flow, 
with increasing Qp/nd^. Such improvement would cause not only a 
reduction of k, but also, because of the reduced separation on the 
downstream face of the vane, a simultaneous reduction of 8 . For 
example, at a 8 of 55°, a change of about 0.15 in k, or simultaneous 
changes of about 0.1 in k and about 3° in 0, across the given 
Q^/nd^ range would account for the indicated differences between the 

calculated and experimental curves. 

A second reason for the discrepancy between the slopes of the 
calculated and experimental curves results from the method of averaging 
the pressures. If sufficient measurements had been obtained to permit 
weighting the local total pressures with respect to mass flow instead 
of area, the average total-pressure coefficients in the low Qp/nd^ 
range would have been larger than the values given, while the coeffi- 
cients in the higher Q]_/nd33 range would have been increased to a 
smaller extent. A further rotation of the experimental curve in the 
direction closer to the calculated curves would be obtained if the total 
pressure of the flow leaving the leakage gap could have been taken into 
account in the averaging process. 
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Leak flow .- A characteristic of the rotating cowling is that part 
of the air flow through the inlet is lost at the leak gap and the useful 
quantity flow available at the propulsion unit is thereby reduced. The 
magnitude of the leak flow is a function of various flow parameters as 
well as the geometry of the leak gap. The effects of several types and 
sizes of gaps on the leak flow are given in reference 5. A leak gap 
designed to provide a flow passage of minimum aerodynamic loss is 
described in reference 4. 

The leak gap used with the present cowling is shown on figure 7 
and the following results apply only to this type of gap. The leak 
flow was measured at station 4 just inside the gap where the total 
pressure, static pressure, and angle measurements were obtained and the 
gap area was known. 

The ratio of the total pressure measured at station 4 to the 
average of the pressures indicated by the three outer tubes located at 
station 5 varied from O.97 to 1.00 throughout the entire range of test 
conditions. The low total -pres sure losses through the gap indicate 
that the present gap design is satisfactory. 

The variation of leak flow with inlet quantity flow for several 
operating conditions is presented in figure 18. For a constant inlet 
flow and rotational speed, the leak flow increased with increasing for- 
ward speed mainly because of the reduced external pressure near the leak 
exit. At constant inlet flow and forward speed, the leak flow increased 
with increasing rotational speed as a result of greater internal pressure 
provided by the vanes. 

The effect of the flow parameters on the leak flow is given in 
figure 19. At low values of inlet-velocity ratio and Q-^/nd^ the 

flow escaping through the leak gap amounted to more than 25 percent of 
the total inlet flow for this particular cowling configuration. At 
high values of Q]_/nd^ the variation of the quantity Q l /Q 1 was small 
for a constant inlet-velocity ratio. 

The leak-flow quantity has been calculated from the expression 


2 ( h 5 ~ Ps 
P 

where p s is the local static pressure on the cowling surface at the 

station corresponding to the position of the leak gap and was determined 
from the data of reference 9 for a nonrotating continuous cowling and 


Q L, 


calc 


= k k 
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p is the average of the densities at station 5 and at the cowling surface 
at the leak gap. The variation of the measured leak flow with the cal- 
culated flow is shown in figure 20. The points fall on a single straight 
line, the slope of which is the leak-gap-orifice coefficient. The value 
of the coefficient 


C = 


Ql 


r 2(H 4 - P4) 


cos \|r 


Ql 


calc 


2(H^ - P S ) 


was found to be 0.66. 

For the purpose of estimating the leak flow for a rotating cowling 
having a similar leak-gap design the following equation may be used: 



The value of can be obtained from the calculated pressure-rise 

characteristics of the rotating cowling. The surface static pressure 
can be determined from the data of reference 9* The average density p 
can be estimated from the external density and the internal-flow condi- 
tions^ usually the pressure rise through the vanes is small for the 
design condition. Since the pressure-rise range for this type of 
cowling will be small, it may be assumed that the density will be constant 
over the operating range. The assumptions involved in the foregoing 
method will result in a relatively small error in estimation of the leak 
flow. The effect of such errors on the over-all pressure-rise charac- 
teristics of the cowling will be still less since the leak flow will be 
only a portion of the total inlet quantity flow. This is especially 
true of installations for gas-turbine engines which require a much 
greater quantity flow than the present engine installation. 

Design considerations .- The procedure for designing a rotating 
cowling for a specified propulsion unit involves several features which 
are not encountered with fixed cowlings. A general approach to these 
design problems is therefore discussed in the following paragraphs. 

The performance requirements of the airplane and the selected 
engine -propeller combination establish the propulsion-unit mass 'flow, 
the cowling rotational speed, and the desired engine inlet pressure. 
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With these quantities known, the internal aerodynamic problems which 
arise include an evaluation of the leak-flow quantity, determination of 
the internal-flow losses, and the design of the vanes. 

A layout of the propulsion system will provide the preliminary 
over-all dimensions necessary for the selection of a cowling. From this 
information and the knowledge of internal-air flow obtained from both the 
engine mass flow and the leakage flow estimated from data such as are given 
in figure 19, a cowling external shape may be selected through the use of 
design charts such as those given in reference 9. 

If this shape and the desired pressure behind the vanes is utilized, 
the leak flow may then be determined more accurately by the method out- 
lined in the section entitled "Leak flow." The revised inlet quantity 
flow may necessitate a reselection of the external cowling proportions 
and the design inlet-velocity ratio. It should be pointed out that, if 
the resulting inlet-velocity ratio is high, the advantages of a rotating 
cowling are diminished. 

The layout of the engine-propeller combination will determine the 
coordinates of the inner spinner. The general shape of the internal 
passage will depend upon the spinner dimensions and the desired velocity 
at the engine inlet as well as the area variation required to minimize 
the losses through the annulus. The root-mean-square passage diameter 
at the rear of the rotating portion of the cowling may then be deter- 
mined and the design Q^/nd-^ may be calculated. With this passage 

geometry the internal aerodynamic losses in the rotating portion of the 
cowling may be estimated for some value of Q-^/nd^. i n the case where 
the diffusion is zero or small, the magnitude of the losses may be esti- 
mated by calculating the skin friction. The value of the loss coeffi- 
cient k may then be determined from equation (2) . 

The approximate vane geometry is determined by the shape of the 
propeller shanks and the resultant air path in the rotating cowling. 

It should be pointed out that the air follows an expanding helical path 
with respect to the rotating cowling and the local values of QWnd^ 
vary through the cowling. The geometry may be used to evaluate the 
constants in equation (3) which can then be solved to determine the air . 
angle 6. The difference between this 6 and the corresponding angle 
of the air helix at station 3 represents the increase in angle of attack 
at which the vane must operate in order to overcome the losses in the 
rotating passage. If it is desired that free-stream total pressure be 
made available at the face of the engine, an increment in vane setting 
may be necessary to provide added pressure rise to overcome the losses 
in the fixed portion of the cowling. An additional correction to the 
angle 6 arises from an alteration in the direction of the vector W3 
which is due to the mutual blade interference occurring in cascades. 
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The magnitude of this correction cannot be determined at this time. A 
rough estimate based on cascade studies which may or may not be appli- 
cable indicates that the trailing edge should be turned 3° to 5° past 
the desired direction of the outgoing flow. The position of the vane 
may then be determined by assuming that the air helix represents the 
vane mean line which may be rotated to allow for all the angle-of- 
attack corrections. Area compensation for vane blockage maybe accom- 
plished by adjustment of the passage walls. The utilization of camber 
instead of increased angle-of-attack corrections should also be con- 
sidered as a means of providing the necessary pressure rise. 


CONCLUDING REMARKS 


An experimental and analytical investigation was conducted to 
study the pres sure -rise and leakage -loss characteristics of rotating 
cowlings. A method for determining the pressure-rise characteristics 
of this type of cowling has been derived. 

The pressure-rise characteristics of the test cowling were investi- 
gated over a broad range of the internal-flow parameters. A comparison 
of the experimental and analytical results indicates that the pressure- 
rise characteristics can be predicted if the internal losses and the 
flow angle at the vane trailing edge are known. 

The total -pres sure losses through the leak gap were of negligible 
magnitude for all conditions investigated. The flow lost through the 
leak gap varied from about 5 percent to more than 25 percent of the 
inlet quantity flow. The leakage flow was greatest at low inlet- 
velocity ratios and high values of vane pressure rise. 

Some of the features peculiar to the design of rotating cowlings 
are discussed and methods for estimating the leakage losses and the 
proper vane setting are outlined. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Air Force Base, Va. 
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Figure I. — Sketch of rotating cowling with original lip configuration . 
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Figure 2. Modification to rotating cowling lip and 

area variation through cowling annulus. 



(a) Front view. 


Figure 3*— Front section of rotating cowling. 
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(b) Rear viev. 


Figure 3-— Concluded 
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(a) Front view. 

Figure 4.— Rear section of rotating cowling. 
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Figure 4.— Concluded. 
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Figure 5.- Rotating cowling and propeller assembly. 
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Figure 6. — Diagram representing the vane root — mean —square 


radius section . 


Axial velocity 
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Figure 7. 


Sketch of leak gap. 
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Figure 8.— View of inlet rakes. 
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Figure 9-— Rotating cowling installed in tunnel test section. 
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Figure 10.— Boundary- layer profile 10 inches 
behind rotating cowling inlet. 
V 0 ~ 235 ft./sec. ; V, /V 0 ~0. 56- 


Average loss measured at boundary layer rake, 


36 


NACA EM L50D07 


d - 50 

3] O’ 

.40 
.30 

.20 
.10 

°0 .10 .20 .30 40 .50 .60 

&)' 

average total- pressure loss at 
rake with / Vl _\ 2 for original and 

Wo/ 


Figure II. — Variation of 
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Figured. — Pressure distribution across annulus at station 5. 
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Figure 12. — Continued. 
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Figure 13. Variation of average total-pressure recovery at station 5 

with flow coefficient. 
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Figure 14. Variation of average total-pressure recovery at station 5 

with flow coefficient for constant values of inlet-velocity 
ratio. 
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Figure 15. Variation of average total-pressure coefficient at 

station 5 with flow coefficient. 
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Figure 16 — Vector diagram at vane outlet. 
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(a) 0 = 50° (b) 0=55° (c) 0=60° 

Figure 17. — Comparison of the variation of pressure coefficient with flow coefficient calculated from equation (4) with test data. 
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Figure 18. — Variation of quantity flow through leak gap 
with inlet quantity flow for various forward and 

rotational speeds. 
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Figure 20. — Variation of measured leak flow with calculated 
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